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Endothelial injury
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O ver the past decade hypotheses about the
role of endothelial injury in atherogenesis
have changed considerably. Causes of injury

may include hypercholesterolemia, hemodynamic
stress, viral infection and the constituents of ciga-
rette smoke.' Low-density lipoproteins oxidized by
macrophages, smooth muscle cells and endothelial
cells may injure the endothelium, recruit monocytes
and simultaneously inhibit their outward migration.2
Also, serum IgG may interact with dead endothelial
cells to trigger a monocytic inflammatory reaction.3

Injury causing frank denudation of the endothe-
lium and exposure of subendothelial connective
tissue to platelets was once believed to be an
important first step in atherogenesis, but improved
techniques have failed to confirm this.4 However,
once a lesion becomes elevated,' stretch and subse-
quent retraction of the endothelial cells may cause
frank denudation, which in the advanced plaque is
associated with ulceration, fissures and mural throm-
bosis.

Recently, functional endothelial injury has been
thought to promote lesion formation through imbal-
ances in the coagulation-anticoagulation-fibrino-
lysis systems, platelet activation, regulation of per-
meability and endothelial regulation of smooth mus-
cle cell growth and macrophage activation. Activa-
tion of endothelial cells by cytokines such as inter-
leukin 1 and tumour necrosis factor induces pro-
coagulant activity and leukocyte adhesion,5 which
possibly predispose to atherogenesis. Endothelial
cells appear to regulate neointimal formation due
to smooth muscle cell proliferation;6 once injured,
the cells release platelet-derived and fibroblast
growth factors, which stimulate smooth muscle
proliferation.

Endothelial cells exposed to increased hemody-
namic shear stress develop prominent actin mi-
crofilament bundles, which likely enable the cell to

adhere better to the subendothelium,7 at the expense
of a reduction in actin in the cell's periphery, which
disrupts endothelial integrity. Thrombin promotes
similar movement of actin away from the cell's
periphery and toward its centre.8 In hypertension,
acute changes in endothelial cells are characterized
by an increase in actin microfilament bundles associ-
ated with enhanced endothelial permeability.9 In all
instances the endothelial cells change structurally
and functionally without frank denudation.

The catalogue of agents promoting endothelial
injury is incomplete, how they injure endothelium is
not well known, and synergistic actions between
agents have not been addressed. Understanding the
processes that promote injury leading to disruption
of vessel wall homeostasis is important for develop-
ing rational methods of preventing and treating
atherosclerosis.
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